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52. On the ] k f ~ I s M  of PROl)UC~ON of VOLCANIC Dvxrs, and on 
those of M ' o ~  Sol-fa. By R. M'~rr'r, Esq., C.E., F.R.S., 
F.G.S. (Read June 21, 1876.) 

L~ the year 1864 I was enabled to employ some time in the 
study of some of the chief volcanic phenomena presented by the 
cone of Etna, devoting my attention principally to the laws which 
govern the flow of lava currents, the formation of the parasitic 
cones which abound upon certain portions of the surface of the great 
mountain, of which Monte Rosso and .Monte Peleri in the neigh- 
bourhood of Nicolosi are amongst the largest examples, and in 
examining the Val del Bore and the many so-called dykes which 
intersect its surrounding escarpment in so many places. These last 
objects were examined by me with the able memoir of Sir Charles 
Lyell, published in the Philosophical Transaction for 1858, in hand, 
the title of which is " on Lavas of :Mount Etna," &c. 

In the second part of that memoir the author rests part of the 
evidence upon which he concludes that an ancient great vent existed 
in the Val del Bore at Trffoglietto, upon the convergence at about 
that point of the prolonged lines of direction of thirteen dykes 
existing in the surrounding escarpment, in accordance with the 
views previously promulgated by Von Waltershausen (Phil. Trans., 
Part ii. 1858, page 703). I have no intention of casting any doubt 
here upon any part of the above able memoir of Sir Charles Lyell, 
in all the main conclusions of which, indeed, I concur, my pre- 
sent object being limited to remarking upon some of the conditions 
which affect the formation of volcanic so-called dykes of injection, 
such as those existing in the escarpment of the u del Bore, and 
of that of Monte Somma, and to pointing out the extent to which 
the orientation or direction of such dykes can be safely employed as 
a means for determining, with any thing approaching to certainty, 
the existence or position of a central chimney or crater, from which 
such dykes may be supposed to have emanated, by means of the in- 
tersection of lines or planes prolonged in the direction of such dykes. 
On going round nearly the entire escarpment of the Val del Bore, 
with Von Waltershausen's map in hand, the dykes, which are almost 
innumerable, when examined at many points both froln above and 
below the escarpment, presented phenomena in many other respects 
as well as in direction, so perplexing as to raise in my mind much 
doubt as to whether they could be at all accounted for upon the 
commonly accepted theory, of their production, and suggested the 
inquiry whether that theory which assigns their production to the 
injection of fissures in crater walls by the liquid lava within the 
crater might not need considerable modification, and if so, whether, 
in its imperfect state, the orientation of dykes could, by intersec- 
tion, be safely employed at all for determining the position of craters 
which have disappeared, as in the case of that of Monte Somma 
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and of those supposed to have existed in the u  del Bove. In the 
latter region the orientations or lines of horizontal direction of the 
numberless dykes are so various and discordant as to resemble 
in very many places nothing more than the chance directions which 
might be assumed by a number of short straws or sticks cast at 
random upon the ground. Lines drawn through them might be 
made to create great numbers of points of intersection; and yet 
great uncertainty would attend attempts to infer from any of them the 
former existence of a crater there. These perplexed phenomena in 
the Yal dcl ]3eve are upon too large a scale for easy disentangle- 
ment, and are far less suitable for the study of the laws of production 
of injected dykes ~han are those found so abundantlyin the escarpment 
of )[onte Somma, where the whole scale is smaller, the dykes gene- 
rally closer together round the amphitheatre, the phenomena less 
perplexed than in the Val del ]3eve by the circumstances which pro- 
duced that immense depression, and where there exists the main 
chimney or axis of the cone of Vesuvius, the position of which is 
not presumed to have materially changed from that before occupied 
by the crater while Somma was in existence, and" to which therefore 
it might be presumed that the directions of all the existing dykes of 
Somma should show a general, convergence. Reserving therefore 
the formation of any conclusion as to the facts I had observed upon 
Etna, I resolved upon my return to Naples to make a careful study of 
the dykes of Somma, and to endeavour to decipher therefrom the laws 
of production of these and other similar volcanic dykes. For though 
these dykes of Somma have been again and again described in their 
general aspects, and though almost all writers on volcanoes have as- 
sumed without question that their directions do really converge at 
the axis of the existing cone of Vesuvius, I could not find that any 
careful determination by actual survey had ever been made of the 
directions of these dykes; nor had sufficiently exact observations been 
made as to many points in the dykes themselves tending to elucidate 
the exact nature of their origination. Accordingly, in November 
1864 I made arrangements for determining with instrumental ac- 
curacy the positions and directions, both horizontal and vertical, of a 
considerable number of these dykes of Somma. ttaving, through 
the kind assistance of Professor Palmieri, been permitted to lodge at 
the Observatory above the Hermitage upon Vesuvius, I ran a line 
of trigonometric triangles from the south-east corner of the Obser- 
vatory, passed the wooden cross existing at that time, and known 
as La Croee del Salvatore, and into about the centre of the Atrio del 
Cavallo, whence I was enabled to fix the position of a point chosen 
for that of observations upon one of the slight elevations at the 
northern base of the cone of Vesuvius, which commanded an unin- 
terrupted view of a very large portion of the entire escarpment of 
Somma, extending from the Canale del Inferno, or thereabouts, on 
the eastward, and passing round the amphitheatre westward to a 
point nearly opposite La Croee, and a little to the west of north with 
respect to the same. I was obliged to choose the quoin of the Ob- 
se~atory as an initial station-mark, although the building cannot be 

California-San Diego on July 9, 2016
 at University ofhttp://jgslegacy.lyellcollection.org/Downloaded from 

http://jgslegacy.lyellcollection.org/


474 R. MALLET O~l THE MECHANISM OF 

seen from the floor of the Atrio, nor the latter from it, because no 
station-mark of a permanent character, or offering a reasonable 
chance of not disappearing in perhaps the very next eruption, could 
be found in or nearer the Atrio del Cavallo. At this point, very 
near the head of the Fossa di Vetrano, the first prominent dyke of 
the escarpment of Somma occurs, which I called No. 1 ; and having 
perambulated the entire base of the escarpment, thence going 
eastward and choosing out for geodetic determination, from the in- 
numerable dykes of every size which intersect it in almost every 
direction, twenty-seven of those which seemed largest, highest, and 
generally most characteristic, I numbered the whole of these with 
red oil paint in figures five or six feet long upon the projecting 
edge or face of each near the base or level at which these dykes 
generally disappear below the floor of the Atrio del CavaUo, taking 
care that all these figures should be discernible by the telescope of 
my theodolite from the point of observation chosen at the base of 
Vesuvius as already mentioned. I however examined carefully as to 
their lithological circumstances a number of other dykes intercalated 
at various points between those numbered, amounting with the 
preceding to thirty-four in all. 

Having in connexion with the line of triangles by which the 
observing-point was fixed, measured a short base of 374 feet (Eng- 
lish) upon a level part of the Atrio del Cavallo extending in a S.E. 
direction, the N.W. extremity being nearly in a line between the 
Punta del Naso and the centre of the Vesuvian cone, I then 
extended my triangulation so as to fix, in reference to my observing- 
point, and to the then existing cone and crater of Vesuvius, the general 
line of the escarpment of Somma from west to east, extending along 
the curve of the escarpment to a distance of rather more than 2~ 
English miles. This line has in reality much less of the form of a 
regular circular curved amphitheatre than it appears to the eye as 
viewed from the northern side of the cone of Vesuvius; and I found 
it was by no means exactly laid down upon the engraved sheets 
which contain Vesuvius and Somma, issued from the topographical 
office at Naples by the former Government of the King of the Two 
Sieilies. I was thus in a position to fix trigonometrically the 
orientation of the twenty-seven numbered dykes in reference to my 
observing-point, and to the axis of the cone of Vesuvius ; and then, 
again perambulating the whole line of dykes from west to east, I 
observed and noted the characteristics of each, the lithological 
character of its mass, the horizontal direction in which the plane of 
the dyke penetrated the bank of the escarpment, the "bade," or 
dip, or departure in a vertical direction from perpendicularity in 
the plate of rock, its curvature, if any, and other particulars to be 
hereafter noticed. These operations and observations occupied me, 
along with a staff of men hired at Naples and Resina, for about a 
fortnight in November, during several days of which there was 
continuous rain and so boisterous a wind as rendered work with a 
theodolite difficult. My chief assistant was Antonio d'Antonini, 
who had been my faithful and intelligent attendant in exploring 
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the  results of the Neapolitan earthquake of 1857, and who is, I 
believe, still in Naples. 

After my return to England my survey was to a great extent 
plotted; and the results showed themselves as concordant as 
could have been expected from geodetic work carried on upon 
excessively uneven and elevated ground, and under the disad- 
vantages of weather described. The necessities of professional 
engagements and other circumstances, however, obliged my laying 
aside for a considerable time the completion of my work, until 
ultimately failure of sight and the impossibility of my note-books 
and sketches being deciphered by another have compelled me to 
lay it aside altogether. Unwilling, however, that the results of so 
much labour and care should be wholly lost, especially as some 
of the facts ascertained are new and appear not devoid of im- 
portance, I have thought it best to note down some of the more 
salient results, which others more fortunate than myself may per- 
haps accept as a basis for further research. My inability to pro- 
duce the whole of my work, together with the triangulation, in a 
fit state for publication is now the more regretted by me since 
most of the features, the surface-levels &c. of the Atrio del 
Cavallo, as they existed in 1864 have been to an immense extent 
altered by the great eructations of lava that poured into it during 
the great eruption of 1872, so well described by Signor Palmieri. 
I t  is also probable that the scorching heat then produced in the 
Atrio del Cavallo, and extending westward far beyond the Ob- 
servatory, may have partially, if not wholly, obliterated most of 
the red numbers painted by me upon the dykes, and perhaps even 
consumed by fire the wooden cross of the Salvatore, which was one 
of my marks. 

On examining with care, and aided by the telescope, the entire 
surface of the escarpment of Somma, it is seen to consist of a pre- 
cipitous but nowhere actually vertical bank, with a highly irregular 
or serrated sky.line rising at some points 800 or more feet above 
the floor of the Atrio. Its exposed face consists to a preponderant 
extent of beds of volcanic conglomerate, composed of fragments, 
subangular or more or less perfectly rounded, of various sizes, 
from masses occasionally of a cubic yard or more in volume to 
nodules of the size of a human head, or of an orangb, mixed 
with pebbles of various smaller sizes and with gravel or lapilli. Of 
the latter there are also great beds. Intercalated with all tbese are 
many beds of lava, which, though now for the most part cross- 
fractured and twisted, had flowed in a state of fusion from the 
ancient crater of Somma and consolidated upon its slopes. All 
these beds, though wildly confused in many places, yet preserve a 
general horizontality round the amphitheatre. Crossing all these 
in very various directions, forming different angles with the 
horizon, and scattered at very irregular distances from each other, 
existing sometimes singly but often several in close proximity, and 
sometimes inosculating with each other, and with their edges highly 
irregular and broken, projecting more or less from the abrupt face of 
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the escarpment, whose slope they very nearly follow, are the 
dykes so often referred to by authors. These sometimes run up 
the entire height of the escarpment, sometimes stop far short of 
this, sometimes give the observer the idea that they are the edges 
of straight planes, but often show themselves twisted or curved at 
the first glance. Many are broken across into separate fragment~, 
which are separated more or less from each other by conglomerate 
or lapiUi. (The general appearance of a large portion of the escarp- 
ment, as seen from the north flank of the Vesuvian cone, is 
shown in the panoramic photograph exhibited, for which I am 
indebted to the photogTapher who executed it shortly before my 
survey.) On examining in detail the face of the escarpment, it is 
observable that the beds of conglomerate or of lapilli present in 
many places evidences of severe compression in both lateral and 
vertical directions, and are, over considerable areas, more or less 
perfectly glued or cemented together by the percolation of water 
having acted upon the partially soluble silicates of which the dis- 
integrated material consists, and which have subsequently indurated 
and formed the cementing material. This mode of forming a com- 
pact mass, which is not an uncommon volcanic phenomenon, has been 
observed by myseff as taking place in large beds of broken-up slags 
deposited in the neighbourhood of the Barron Iron Works in Cum- 
berland. The large quantity of lime employed as flux for smelting 
the ha~matite ores operated upon in these vast works produces 
slags the silicates in which are sufficiently soluble to form a com- 
pact mass, requiring the pick to break it up at a depth of only 8 or 
10 feet from the surface, and within a period of about as many 
years from the time when the s la~ were in liquid fusion, the water 
acting upon them being derived from rain only. The bank of the 
escarpment of Somma thus composed of masses of very variable or 
of no coherence, is acted upon by rain falling upon its abruptly 
sloping face; and in several places deep recesses or barrancos are 
cut back into it, some of which are of great size, and have their 
floors at the level of the Atrio covered more or less with a steep 
sloping talus of detritus swept down by rain torrents from the lofty 
bank above. 

On ascending at the western extremity to the crest and following 
along more or less nearly the edge of the escarpment upon the 
outer slope of Somma, which falls to~;ards the plain at angles 
generally of from 25 ~ to 32 ~ , we find it intersected by numberless 
rain-channels generally tending down the slope; these in many 
instances attain the magnitude of large "nullahs," or even of 
gorges, and, from the loose nature of many of their materials, are 
not crossed even in dry weather without some danger and difficult). ; 
indeed the walk along the edge from west to east is extremely la- 
borions and difficult. It  is, however, instructive in several ways, 
and especially as showing that not very many of the superior or 
northern terminations of these dykes reached as far as even the 
existing surface, and were far from ever reaching the surface of the 
northern slope of Somma~ while that mountain still existed as a vol- 
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cano; for a great depth of the loose material which mainly consti- 
tuted the original cone of Somma, a depth which may in some places 
have reached perhaps 200 or 300 feet, has been removed and swept 
down towards the plain by the action through long ages of rain and of 
pluvial torrents. In passing, it may be remarked that the rapidity 
with which the incoherent matter deposited upon the flanks of vol- 
canic mountains is thus swept away by rain is well exemplified upon 
the flank of Etna by the condition of the old oak trees which con- 
stitute the Bosco della Casa, which is crossed, three or four miles 
above Nicolosi, by the usual mule-path towards the summit. The 
slope of the mountain here, the inclination of which generally is very 
moderate, not exceeding perhaps 10 ~ , is composed almost wholly of 
loose black pyroxenic sand, in which and probably in old tufaceous 
beds beneath the oak trees grow. 

On examining the trunks of these, it is at once apparent that 
the level of the surface during their earlier life was from two or 
three to (in several places and over large areas)five feet above what 
it is at present, the lowermost part of the bole proper, or trunk, of the 
tree, with its rough bark and spreading-out base, marking the original 
ground-line, while the tree now stands, as it were, upon its toes, 
the great tap-roots, one or several, forming its only connexion with 
the present ground (1864), which they penetrate so as to support 
the tree. None of these oaks are probably more than one hundred 
or one hundred and fifty years old; within that time therefore 
a depth of from three to five feet of material has been denuded from 
from this part of the mountain over a very large area, and this not- 
withstanding that relays of like detritus have during the interval 
been brought down by rain from still higher parts of the slope. 

The results of my survey may be classed into : - -  ]st, Observations 
on the directions in space and in reference to the material of the es- 
carpment of the dykes. 2nd. The lithologica] and other circum- 
stances of the dykes themselves and of the matrix adjacent to them, 
which throw some light upon the nature of their production. 3rd. 
Conclusions to which these data appear to point. 

The apparent horizontal direction in which a dyke observed at the 
level of the floor of the Attic plunged into the bank of the escarpment, 
I have called the strike. This direction, when referred to the axis 
of the cone of Vesuvius, I have called the orientation of the dyke. 
The divergence, ff any, from verticality of the plane of the dyke I 
have called its dip or bade. Cu~vature refers to bending round some 
imaginary line other than vertical, while twisting means torsion round 
some imaginary line exterior to the dyke and not far from vertical. 
The dykes, at their exposed edges, rise to very various heights, some 
to the top of the escarpment, generally thinning out as they ascend ; 
others only rise sixty or seventy feet above the floor of the Attic, 
and taper rapidly, coming to an edge from a thickness of perhaps 
five or six feet at the visible base, and without any observable fissure 
extending beyond the summit into the matrix. Some are so curved, 
twisted, and often dislocated into fragments of greater or less length 
that no deduction as to orientation is possible; but many others, 
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though not free from twist or curvature or even from cross fractures, 
still admit, within moderate limits, of the deduction of their orienta- 
tion as well as of their general dip. One source of possible error 
which may affect some of my observations I must not omit to men- 
tion. From the smallness of the exposed surface and the necessity 
of observing each dyke at but a few feet from its base, the only practi- 
cable method of determining the strike was by means of the compass. 
But as many of these dykes are, like most volcanic products, mag- 
netic, and sometimes with polarity, the indications as to horizontal 
direction afforded by compass are somewhat uncertain ; and the 
amount of deviation from this cause, i f  it exist, is not easily determi- 
nable. I do not think, however, that any very large error due to 
these causes exists in my observations; for on comparing the directions 
shown by two different compasses, one carrying a heavy and power- 
ful pivoted bar-magnet, the other a very light needle, both success- 
ively placed in the same position and within a few feet of the base of 
some of the largest of these dykes, and on also comparing the direction 
of both compasses when removed a hundred yards or more from the 
base of the same dykes and still in the direction of the plane of the 
dyke, I did not find a notable difference of indication, though some- 
times reaching a degree or two. The observations of strike ~thus 
made, when combined with the position at the escarpment and level 
of the floor of the Atrio, of the terminal edge of each dyke, com- 
pleted the elements necessary for the determination of its orienta- 
tion or line passing horizontally through its general plane when pro- 
duced through the axis of the existing u cone. 

The orientation of five or six of the dykes thus obtained is such 
as to pass, though only approximately, through the axis of the 
cone---all the others observed presenting wide disparities in direc- 
tion of orientation, which in most eases passed outside the confines 
of the cone itself at the level of the Atrio. Indeed in some cases 
two dykes of different ages cross one another ; and while the orien- 
tation of one roughly appro~mates to the Vesuvian cone, that of the 
other passes wide away from it. The divergence from axial orien- 
tation increases much as we approach nearer to the eastern end of 
the escarpment ; and as we begin to descend from the level of the 
floor of the Atrio along the prolongation of the escarpment towards 
where it is lost in the eastern slope of the mountain, we find a large 
number of dykes whose orientation is seen at a glance to be wide 
away from any par~ of the existing cone of Vesuvius, and whose dip, 
or hade, is towards the west and north, and rapidly increases as we 
descend, so that several of the most easterly of these dykes present to 
the .eye the character of old beds of lava inclined at angles steeper 
than the slope of the mountain, and dipping into the latter, in which 
they are partially buried, rather than of dykes at all. I did not de- 
termine the exact strike of any of these dykes or beds eastward 
of my number 27, partly by reason of the facts just given, but mainly 
because their bases could not be seen from my observing-station at 
the base of the cone and could only be approached over a bed of 
hugely scoriaceous lava which had overflowed from the Atrio at this 
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eastern outlet, and descended by the Canale del Inferno. Of the whole 
of the numbered dykes, ten present as their main feature an approxi- 
mately vertical plane, all the rest having a very sensible dip or bade. 
This dip, from No. 1 to No. 13, is towards the west and north at 
various angles, none exceeding 38 degrees with the vertical. Be- 
tween Nos. 13 and 27 the dip trends towards the east and north, never 
exceeding from 30 to 40 degrees, and the average being not more 
than about 20 ~ . 

I did not observe any case in which a dyke was intersected by a 
coherent bed of lava; but in one instance the highest part of one 
dyke (No. 1) is stopped at its upper extremity by the underside of 
an overlying and nearly horizontal bed of lava. Not only do many 
dykes bifurcate or send off branch dykes at different heights, but two 
dykes frequently intersect each other and often at considerable 
angles, so that~ in one instance (No. 10) the general plane of one is 
nearly orthogonal to that of" the other. 

These and many other circumstances prove these dykes to have 
been produced at very different and successive ages. ]~[any of the 
curved, twisted, or broken dykes present proofs of having been sub- 
jected to severe and long-continued pressures in both vertical and 
horizontal directions, which have resulted in great displacements 
i?om their original positions. Thus the third dyke examined, between 
No. 13 and/fro. 14, has been crushed by descending movements of 
the surrounding matrix, as roughly indicated in fig. 1. In others 
lateral displacement has attended also upon vertical movement, as in 
the dyke No. 9, which has been cross-fractured with lateral displace- 
ment and descent of one seg-mcnt of the dyke, as indicated in fig. 2. 
An ideal figure of this form of displacement has been given by 

Fig. 1.--Dyke crushed Fig. 2.--Dyke frac- 
by descending move- tured with lateral 
meat of matrix, displacement. 

~.. 6 ~ % - , . ~  ~- ". 

�9 ~'~ D1 ~ .,,','LJ'~ "- ,~ 

Fig. &--Curved 
Dyke. 

Phillips, ' Vesuvius,' page 132, whose very slight notice of these 
dykes in that work leaves much to be desired. A third form of dis- 
placement is seen in the first dykes examined, between No. 22 and 

Q . J . G . S .  N o .  1 ~ 8 .  2 L 
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1go. 23, which have been abruptly curved in contrary directions and 
broken into numerous voussoir-like fragments with but little dis- 
placement from each other by pressure while gripped by the matrix, 
as indicated by fig. 3. 

In the dyke No. 7 there is intersection of one dyke with 
another, the surfaces at the intersec- 
tion being so altered and dislocated 
that it is impossible to say which of the 
two is the intruder; both dykes are 
here violently distorted and broken, as 
roughly shown in fig. 4. In many in- 
stances, as in the dyke No. 5, one or 
more adjacent dykes have been broken 
across into short fragments, twisted, 
curved, or straight, which have been 
forced away from each other for dis- 
tances of many feet or yards, and now 
occupy the most irregular positions in 
the matrix, as remarkably evidenced in 
the dyke No. 16, of which the annexed 
figure 5 is a rough representation. 
These transpositions and dislocations 

Fig. 4.--Intersecting Dylces. 
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lk 
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are of much interest and importance. 
They indicate the vast extentas  well as the force of the internal 
movements, due principally to gravity, which are constantly taking 

Fig. 5.--Dltlces frat, tured and displaced. 

gin �9 ,, I f .O ,o , , ' - ~ f , -  ~ ~ " ~ ,  _ 
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place in the mass of volcanic cones. Material in active volca noes 
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being constantly ejected about the upper parts of the cone, and with 
a weight in reference to surface increasing with proximity to the 
crater, the tendency would be to increase the angular slope of every 
volcano as we approach nearer the top. But as the great mass of 
ejected material is fragmentary and incoherent, and can therefore 
only repose permanently within a certain slope (or angle of repose), 
so the tendency to increase the angle of the cone by the deposit of 
new material is more or less met by irregular creeping downwards, 
and sometimes by slipping of parts of the mass downwards as in 
landslips, the discontinuous materials, when thus forced downwards, 
often carrying along with them and dislocating or distorting such 
connected beds of lava or dykes as may be involved in the mass. An 
inspection of the general surface of the escarpment of Somma for its 
entire length and height at once shows the observer how small, pro- 
portionally, is the mass of lava-beds or dykes included in the enor- 
mous surrounding mass of volcanic conglomerate, lapilli, and sand, 
and appears to the writer fully to sustain the estimate made by him 
in his paper "On the Nature and Origins" of Volcanic Heat and 
Energy" (Phil. Trans. 1873), that the incoherent material, heated 
but not fused, ejected during volcanic eruptions, exceeds by twenty- 
fold the mass of the material which is poured forth in fusion. 

The relatively attenuated ribs or plates of consolidated lava, present 
extremely small resistance ~o the pressures produced by the enor- 
mous weight of the discontinuous material around them, and which, 
by reason of its diseont~_nuity, acts somewhat as if it were an imper- 
fect liquid or a mere heap of dry sand, in transmitting the internal 
movements which are continually taking place within it under the 
joint influence of slope and gravitation. 

Although the rounding, more or less complete, of the fragments 
which constitute beds of volcanic pebbles, large or small, and of the 
constituents of conglomerates compacted together after deposition, is, 
as has been stated by several authors, produced by mutual attrition 
prior to their ejection, there can be little doubt that further com- 
m~nution and rounding is produced by these powerful though little- 
noticed movements of descent after their deposit in the mass of vol- 
canic mountains. The same phenomena, though upon a minuter 
scale, are to be seen in the rounding which is known to take place 
to considerable depths in the macadamized stratum of roads which 
have been long traversed. In these the originally angular fragments 
of broken road-metal are found rounded when the mass is broken up 
and exposed to view, to far greater depths than the impacts or pres- 
sures upon the surface would seem to have been transmitted, intes- 
tine movements, extending deep into the mass though not noticeable 
at the surface, being sufficient to rub together and round the once 
angular fragments to an extent less as their position is deeper from 
the surface. 

I t  is obvious, from what has been stated as to the movements of 
dykes at periods subsequent to their production, that the present 
positions in which they may be found do not necessarily infer any 
thing as to the position, whether in orientation or in dip, in which 
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they may have been originally deposited. Any such infereace as to 
a particular case might be grossly in error, and would probably be 
so in the case of curved or twisted though more or less continuous 
dykes. The error may be greatly less, or perhaps no error may exist, 
where the inference is drawn from nearly flat dykes, whose planes 
present neither considerable twist, curvature, nor fracture. But as 
we never can be certain that any dyke may not have had its position, 
especially its orientation, more or less changed or shifted subsequently 
to its production by injection, and as we also never can be certain 
that any two dykes, whether distant or adjacent, and of which we can 
only see some one section of a part of the d~-ke, which may be chiefly 
a vertical section as in Somma, or may be more commonly horizontal 
sections as well as vertical ones, such as are found surrounding the 
Val del Bore, so we never can be certain that any two, though 
now apparently converging, must have emanated from a common 
volcanic axis or crater. The evidence as to such common origin 
can never be more than probable, though the probability may cer- 
tainly be strengthened in some ratio to the number of dyke-planes, 
or planes of orientation, which we may observe (after sufficiently 
exact geodetic operation) all to appear to converge to a single axis. 
The divergences from even approximation to any such single axis, 
found by me in the dykes of Somma, at one time raised doubts in 
my mind as to whether they were injected dykes at all, or might 
not be ancient lava-beds which had flowed down the slope of 
the mountain at various epochs, and had, by some unexplained 
causes, been broken up, more or less turned on edge in planes 
in a line with, or transverse to, the slope, or even occasionally 
inverted altogether. This view I was subsequently compelled to 
abandon, though some facts observed during the careful lithological 
survey which I made of these beds seemed for a time to support i t ;  
and I should add that one class of facts observed and about to be 
referred to, which seemed to support this hypothesis strongly, are 
to me still without an explanation and remain for the more com- 
plete investigations of others. I may remark here that the descent 
of large surfaces of lava-beds, along with the sand and detritus 
which, from the causes already referred to, and aided by rains, are 
in many instances observed to have descended more or less upon 
volcanic flanks, and the turning up of such beds more or less 
on edge, either in a direction transverse or approaching to their 
line of descent, are by no means uncommon phenomena in volcanic 
countries. I f  the large plate of lava thus descend upon the detrital 
slope of an uninterrupted volcanic cone, the lower or forward end 
of the huge slab, like a flat coulter, tends constantly to increase 
the  volnmA of a ridge of detritus heaped up before its foremost 
edge; and a time may arrive when, from this cause and the 
slowly digging deeper into the detrital bed of the advancing edge, 
the whole huge plate is brought to rest. I f  sufficiently large, 
the detrital matter of the bed is interrupted in its descent by the 
upper or higher edge of the plate, while it is washed out more or less 
from the lower edge by the percolation of rain, which makes its exit 
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in rain-channels towards the lower edge. The angular tilt of the 
plate therefore continues to increase slowly with time, and to exceed 
that of the slope, until at last the lava-plate stands on edge, its 
lower part being buried in the detritus, and the upper part in free 
air, the plane of the plate in this position being more or less nearly 
transverse to the line of slope; and this process, if  continued, may 
even cause the inversion of the bed, so that what was its upper 
surface as it flowed from the crater over the upper part of the slope, 
and consolidated there or further down, becomes the lower surface, 
upon which it now reposes, and what was the bottom surface would 
then face the sky. But the surface of no volcanic mountain is a 

_simple cone; its sides, at least so far as they are deeply covered 
with detrital material, are deeply furrowed and broken into small 
valleys and torrent-beds, having banks of increasing steepness at 
either side as they get nearer the bottom, and the general direction 
being often with but little sinuosity up and down the slope, as 
frequently seen on the flanks of Monte Vulture. Now, if a plate 
of lava descending under the mechanism just described should reach 
the brow of one of these rain-gullies, its course of descent directly 
down the mountain-slope may be gradually changed, and it may 
begin to descend by quite the same mechanism along the banks of 
the gully in a direction diagonally transverse thereto, and may 
finish its course by being turned up on edge as before described, 
but now with its plane in a direction more or less nearly orthogonal 
to that just described, and in an approximately vertical direction, 
its plane being directed more or less nearly towards the axis of 
the mountain. I f  such a plate be subsequently buried in detrital 
matter, it will present very much the characters of a dyke of injec- 
tion, with this difference, that the two sides of the plate will present 
those m~rked differences always seen in the top and bottom surfaces 
of consolidated plates of lava. I have observed several instances of 
these remarkable changes of position; thus, for example, in Au- 
vergne, on the left and within a short distance of the carriage-road 
from Clermont Ferrand and about five miles from that city, passing 
over the great volcanic plateau on the direct road to Pont Gibaud, 
on the slope of a hill of volcanic detritus, there exists a thick bed of 
lava with many included boulders tilted thus and standing several 
feet in the air. I observed also several such instances in 1858 
upon the flanks of Monte Vulture, upon the side towards Melfi; 
and I have been informed by a friend who resided in Mexico that 
like facts are not unknown there. 

In making my lithological survey of these dykes I was prepared 
to notice particularly whether the two opposite surfaces of the same 
dyke were alike or different, whether the parts more or less adjacent 
to each surface were the same as those of the interior of the dyke, 
or differed in character or mineral composition, compactness, frac- 
ture, &c., from the material of the latter, or whether any pyromor- 
phie changes were observable at or near the surfaces of contact 
where a dyke intersected another dyke or a lava bed, whether the 
mass of the dyke was amorphous, and if jointed, in what direction 
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the joints lay, and whether the structure differed at different parts, 
being amorphous and jointed into great blocks or having a more or 
less slaty or shivered structure conferred upon it. 

I gave particular attention to the prevalent directions in which 
elongated air-bubbles were found imbedded in each dyke. 

It  is a fact now familiar to most geologists that the longest 
axis of air-bubbles occurring in lava or other igneous rocks is 
turned more or less exactly in the direction in which movement or 
flow has taken place in the mass while in fusion, just as in most 
igneous granites which contain large crystals of felspar or others of 
a flattened form, the larger dimensions of these crystals indicate 
the line of flow of the granite while in fusion. This is prominently 
seen in the granite of Dartmoor in those quarries from which a 
large portion of the pavements of the city of Exeter have been ob- 
tained. I t  is obvious, therefore, that in a dyke the longes~ axes of 
these air-bubbles should indicate the direction in which its molten 
material has been forced into the cleft. I f  the injection had been 
from below the lowest point of the dyke, and the flow into the cleft 
had been therefore approximately vertical, as was perhaps the case 
in many of the subaerial dykes of geologists, and, so far as I can 
comprehend the not very clearly expressed views of Mr. Scrope, 
also in volcanic dykes (Volcanoes, 1862), then it is obvious that 
in these dykes of Somma the prevalent direction of the longest 
axes of these bubbles should be approximately vertical. If, on the 
other hand, the injection of these dykes has been lateral, and 
though perhaps inclined upwards, still, on the whole, horizontal, as 
being derived from the molten matter, more or less filling a crater, 
from which the dykes diverged, then the longest axes of the air- 
bubbles should be found nearly coincident with the plane of the 
dyke, and if not horizontal, not very divergent by inclination 
slightly upwards, or, with much less probability, still more slightly 
downwards. Should the prevalent direction of the longest axes 
prove transverse to the plane of the dyke, it would cast considerable 
doubt upon the fact of the dyke having been filled by injected matter 
at all--just as in lava streams which have flowed and consolidated on 
gentle slopes, although, owing to intestine movements of the still 
viscous mass, bubbles with their longest axes vertical are occasionally 
found, the greatest preponderance of these axe8 is in the direction of 
the flow, and were we to find the preponderant direction to be 
vertical, it would cast much doubt upon whether there had been an 
approximately horizontal flow at all. 

I also observed the characteristics of each dyke as indicated by 
its included minerals. On this last point I may at once remark 
that although it is generally and correctly stated by authors that the 
distinguishing characteristic between the ancient lavas of Somma, 
and the modern ones of Vesuvius is the great prevalence of leucite 
in the former, the statement that the dykes of Somma are all of 
leucitic lava is by no means correct. Leucite is, no doubt, the charac- 
teristic mineral included in the larger number of these dykes; but 
pyroxene is also found in most of them, and in some is very preva- 
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lent, though I am not aware that anyone dyke is to be foundquite free 
from leucite in large or small crystals. One dyke of those examined 
by me (namely, 11 b) contains crystals of idocrase in notable pro- 
portion. As respects the lithological character of the entire mass of 
each dyke, the whole may be divided into three classes :ml .  those of 
dark-coloured compact and generally subcrystalline lava, which con- 
stitute a large proportion of the whole ; 2. those of a much lighter- 
coloured, softer, and very imperfectly subcrystalline lava of that 
sort which Lyell has denominated "Graystone," of which material 
immense dykes also occur in the escarpment of the Val del Bore 
(a few of the larger of these dykes in Somma show, though ob- 
scurely, a tendency to a cross columnar structure, one which, in the 
case of some of the very largest of these dykes of the Val dcl 
Bore, is magnificently developed, the hexagonal prisms being, in the 
case of one very thick dyke examined by me upon the west side, 
nearly horizontal and perfectly square to the sides of the dyke, 
and in prisms perfectly detachable from each other, and from 
ten to fifteen inches in diameter); 3. the third clase on Somma 
consists of thin dykes of highly compact material, dark-eoloured, 
and either gray or green, very hard, and with but little appearance 
of even minute crystalline structure. 

The substance of these may be called phonolite in the grey, and 
greenstone in the other dykes. In one of the triple dykes exa- 
mined by me, viz. no. 11, a, b, and c, a and b are in absolute con- 
tact with a mere joint of separation, and are nearly vertical, while 
r appears to meet the others at a point a few feet below the Atrio, 
diverging from them at an angle of about 45 ~ , the intervening 
wedge being filled in with volcanic conglomerate and pebbles. All 
these three adjacent dykes are of different sorts of lava : a is largely 
leucitic, and contains very small crystals of olivine, or perhaps of 
sphene; b is leucitic with crystals of pyroxene, and containing also 
idoerase; while c is an extremely hard and absolutely compact 
pyroxenic lava, like a greenstone, with a well-marked cross sub- 
columnar structure. 

These three dykes would therefore appear to be either of different 
ages, or derived from different sources of crater-contained lava, differ- 
ing in composition and perhaps injected from very different depths. 
While the jointing in all these dykes is generally more or less trans- 
verse to their plane, evidences of a distinct laminated or slaty cleav- 
age, sometimes with complete separation of the flakes, are perceptible 
in soma of the dykes which have been subjected to severe lateral 
pressures, producing curvatures and twisting. The planes of lami- 
nation are very generally inclined to the general plane of the dyke, 
the strike of both more or less coinciding ; and this structure usu- 
ally becomes evanescent at a few yards in length of the dyke, which 
then returns to the normal transverse jointing. The dykes num- 
bered 5, 6, 7, 10, 12, 13, 15 his, 16, 22, and 25, all present more 
or less dist~inct evidences of this structure, the crushing forces 
producing which do not seem to have been always in a direction 
normal to the lamination, but to have shattered the mass by a 
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diagonal or "wip ing"  local thrust. These facts present striking 
evidence of the immense power of the internal movements which 
take place within the mass of volcanic cones at periods long sub- 
sequent to original deposition. 

Referring now to the disposition of the air-bubbles, these are 
comparatively rare in the thin and more compact dykes. They are 
not uniformly diffused, generally existing in greater numbers near 
the sides of the dyke, although more or lessparsemgs throughout ; in 
some instances they thickly congregate in zones towards the centre 
of the mass, running nearly parallel with its sides. Some large 
and generally longish irregnlar cavities of considerable size, with 
very rough internal surfaces, and often a foot or more in length, 
occasionally occur, the direction of their longest axes being very 
indeterminate. But these must not be confounded with the air- 
bubbles, as they are obviously rents produced in the viscous lava as 
it was forced onwards. The long axes of the air-bubbles are found 
on the whole to be nearly horizontal, or pointing at moderate angles 
upwards, and in directions very nearly parallel with the plane of the 
dyke at the place where they occur. This is well observable in the 
dykes ~os. 1, 5, 6, 9, 11, 17, 22, and 27. In  Nos. 11, 17, and 27 
the rents or cavities above spoken of are also to be found. 

From this great preponderant horizontality or slight slope up- 
wards and coincidence with the planes of the dykes of the long axes 
of these air-bubbles, I consider the conclusion is fully warranted that 
these dykes have been filled by injection, not from below, in a 
nearly vertical and upright direction, but horizontally, as from 
some source or sources of liquid lava exercising statical pressure 
upon the containing walls, as in the case of volcanic craters filled 
more or less with liquid lava. It  does not seem possible to assign 
any physical reasons why the two surfaces of a dyke thus injected 
should present any characteristic differences, in the material 
of the dyke differing near one or other of its surfaces from 
the interior of its mass, but not so differing at the other sur- 
face, nor any reason why the two opposite surfaces of the same 
dyke should present any obvious differences, both being derived 
a]i~e from the impress given to the viscous and cooling mass by the 
opposite surfaces of the cleft or fissure into which that was injected. 
That the parts adjacent to both surfaces of the dyke should 
present certain differences in texture may be expected; for if the 
walls of the fissure be at a considerably lower temperature than the 
viscous mass forced into it, the surfaces of the latter will become, 
when cold, more or less vitreous, while the interior of the mass 
remains stony or subcrystalline, this being in accordance with all 
the well-observed facts as to the rapid or gradual cooling of molten 
stony masses; but that one surface of a dyke should present this 
vitreous character and the other present none, is not easily ex- 
plained; and equally difficult is it to explain why one surface 
should have its irr%o~larities mainly concave to the general surface 
and contain imbedded pebbles picked up and partially involved, 
and being of the same sort as those pebbles contained in the matrix 
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adjacent, while the opposite side of the dyke has its irregularities 
mainly convex to the general surface, and sometimes running into 
wrinklings such as do not occur on the first-mentioned side. 

This difference always characterizes and distinguishes the bottom 
from the top surface of lava beds whtch have flowed over slight 
slopes, and which have not become superficially broken up into lumps 
of scoria : the lower surface takes concave markings from protuberant 
or irregular portions of the surface over which it has run, and 
contains stones and pebbles imbedded in the mass which have been 
picked up from that same surface ; the upper surface of the lava 
presents, on the contrary, irregularities which are in the main 
convex, protuberant, or bombdes. 

This diverse character at opposite sides of the same dyke, how- 
ever, is obscurely presented by some of the dykes examined by 
me, in which pebbles are found imbedded in one side and none in 
the other, although the matrix at both sides appeared the same. In  
others one side only shows the superficial change into vitreous 
matter, while the other shows no such change, the more general 
fact, however, being that both surfaces of the dyke show a vitreous 
crust, which is often but a fraction of an inch in thickness. The 
following dykes show in a marked manner these disparities of the 
two opposite surfaces : - - In  No. 6 A, 3�89 feet thick, a thin vitreous crust 
at the south-west side, at the opposite side a thick vitreous crust, 
with pebbles imbedded in the surface. In dyke No. 8, 8 feet thick, 
there are large imbedded but not adherent pebbles on the east face, 
none on the other, which is covered with a wrinkled crust. In dyke 
No. 9, thickness 35 feet, large and small imbedded pebbles on the 
north-east side, with adherent blackish scoriae; opposite side no im- 
bedded or adherent matter, and irregularities of the surface convex or 
hombres. Dyke :No. 20, 6 to 7 feet thick, many imbedded pebbles, 
some as large as a man's head in east face; opposite sides wrinkly 
and scoriaceous without pebbles. Dyke No. 22, 3 to 3~ feet thick, 
east side hollow, with some pebbles and cavities, and wrinkled ; west 
side bombd, and contains many air-bubbles. Dyke :No. 24, 8 to 9 
feet thick, north side bombd irregularly, no crust, pebbles, or 
cavities ; south side with deep large and small pits or cavities, and 
with adherent crust and pebbles. It will be noticed that these dif- 
ferences in opposite surfaces are most observable where the dykes 
themselves are thick, indeed are not seen at all in the thin dykes. 
The vitreous external crusts generally present the mineral cha- 
racters of obsidian passing into a less vitreous material, having the 
external character of basanite or Lydian stone, and always very 
dark-coloured, the fracture vitreous and subconehoidal. I can only 
vouch for the above particulars as affecting such a height in each 
dyke above the floor of the Atrio as I was enabled to climb to and 
examine. It  is remarkable that no pyromorphie change or action 
is noticeable in the material lying in contact with or adjacent to any 
of these dykes. The disparity in the characters of opposite faces 
here described appears to be very difficult of explanation, and 
presents a proper subject for further observation here and in other 
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localities ; I venture to commend it to the attention of volcanic ex- 
plorers. Some light may be thrown on the subject by the remarks 
about to be made on the mode of production and of injection of the 
fissures of these dykes, a subject which has engaged but very slight 
and insufficient attention hitherto. 

So far as my reading extends, I do not find that any writer on 
.geology or volcanoes has attempted to frame a physical theory profess- 
mg to account for the mode of production of the fissures which, when 
filled, form volcanic dykes, nor for the positions they are found to 
occupy, i. e. their apparent general fan-like arrangement ~vhen 
viewed horizontally. 1~early all that Dr. Daubeny has to say upon 
the subject is comprised in the following sentence : - -"  Whatever 
theory we may adopt with respect to the formation of the beds in 
which these dykes occur, it is probable that we shah all concur ill 
considering them produced by the injection of a leucitic lava into 
cracks which previously existed in the containing rock" (Danbeny, 
' Volcanoes,' 2nd edit. 1843, p. 232). 

The phrase "previously existed" is indistinct; no crack can be 
filled until after it has been previously opened; but how opened, or 
how long previously to filling, we are afforded no light by this 
passage. 

Most English and several foreign text-books make reference to 
volcanic dykes in so casual and incomplete a manner that the 
reader Can gather little more than the general notion that they 
appear to radiate from some central axis or axes; even this is very 
often not stated, but left to be inferred from the description of the 
dykes given. In the late Professor Phillips's generally admirable 
little book upon Vesuvilts, an ideal diagram is given at page 132 of 
the aspect of a part, at least, of the dykes ofSomma ; but throughout 
the work, where a most complete description and discussion of these 
dykes and of the mode of their production might have been looked 
for, we do not find a single paragraph which treats of them. 

De la Beehe, generally so exact as to questions of physical geology, 
is little more explicit (Geol. Observer, 2nd edit. 1853, p. 378), 
except that he distinctly affirms that fissures formed in the mass of 
volcanic cones are filled by the liquid lava, which exercises hydro- 
static pressure upon the interior walls of the crater. 

Sir Charles LyeU, in his paper already referred to, " On Lavas of 
Mount Etna" (Phil. Trans. 1858), following Von Waltershausen, by 
employing the apparent convergence of thirteen of the dykes of the 
Val del Bore as the means of fixing the position of the second axis 
or ancient crater which he assigns to Etna at Trifoglietto within the 
Val del Bore, tacitly assumes that the clefts in which these dykes 
were produced were so formed as all to emanate radially from 
Trifoglietto as an axis. He however assigns no reason why this 
should be so ; and from the words (page 760) "near  the principal 
crater, where earthquakes rend the mountain, and where lava is ever 
ready to flow into rents," he appears to be of opinion that the clefts 
of these dykes were rent open by earthquakes--admitting which, it is 
difficult to conceive why they should pass outwards from the 
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volcanic axis radially, or indeed why they should show any deter- 
minate directions at all in reference to that axis. I t  seems, there- 
fore, that while all authors have tacitly or expressly supposed the 
radial arrngement of volcanic dykes, none have made the attempt 
to explain the mechanism by which the fissures occupied by these 
dykes have been produced, or appear to have discerned that the pro- 
duction of a fissure and its filling with molten matter had been 
simultaneous and due to the same cause, viz. the hydrostatic pres- 
sure of the liquid lava more or less filling the crater. A right 
understanding of the physical conditions of this mechanism leads to 
some not unimportant conclusions. 

A volcanic cone may be considered simply as an embankment 
surrounding a central cavity or crater, approaching usually in plan 
more or less to a circular form, an irregular cone whose base is the 
brim of the crater. The embankment being formed, as Lyell 
rightly insisted, merely by the continued projection of materials 
from the crater, some poured forth as liquid lava, but by far the 
larger proportion projected as dust, lapilli, and stones, must be 
regarded as formed by loose material having little or no coherence. 
I t  therefore resists the tendency to being burst open by hydro- 
static pressure of lava filling up the crater, merely by the weight or 
mass of incoherent matter forming the embankment, the general 
vertical section of which anywhere round the axis is rudely trian- 
gular, the slope of the interior side being comparatively steep and 
constantly changing, while that of the exterior at the upper part of 
the cone depends in a great degree upon the angle of repose of the 
loose material composing it, while further down, by the degrading 
action of rain and other erosive causes, the angle constantly de- 
creases to the base, where the mountain rises from the plaifl. 

A straight embankment, like one of those constructed of earth and 
clay across a natural valley basin for the purpose of impounding water, 
and having usually a triangular section, very much like that which 
we have just assigned, the inner or water-slope being usually in the 
ratio of 3 horizontal to 1 vertical, while the outer slope is generally 
rather steeper (exactly the reverse of the case of the volcanic 
embankment, in which the inner slope is small and may even be 
evanescent, while the outer slope varies from perhaps 25 ~ near the 
top through an average of about 18 ~ for the whole slope, becoming 
evanescent at the bottom or plane), resists the hydrostatic pressure 
of the water which it impounds simply by its mass, which is too 
great to permit its being caused to slide upon its base by the hori- 
zontal component of the fluid pressure ; and so long as the mass of 
earth and clay is kept free from the percolation or leakage of water 
through it, its resistance is almost wholly independent of cohesion in 
the material of the bank, and wholly so as regards cohesion in the 
direction of its length. The sides of a volcanic mountain are not 
straight, but form an embankment approximately circular in plan 
about the cavity of the crater, which it surrounds; and hence 
another condition of its resistance t~ fluid pressure within the crater 
comes into play. The radial and horizontal pressure of the fluid 
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within a ring-formed embankment whose plan is a closed curve, is 
normal to the embankment at any point, and is resolved into tan- 
gential forces tending to pull asunder or rupture the mass transversely 
to its circumference, as well as to push every part of it outwards 
upon its base. The degree of cohesion which the material of a 
circular embankment possesses is thus an important element of its 
resistance to fluid pressure within it ; and such resistance in any 
circular embankment of given section, material, and depth of cavity, 
or of fluid pressure within, decreases with the increase of the 
diameter or surface of the cavity within. There is, in fact, a close 
anal%~ T between the mechanical conditions of resistance of a circular 
embankment and those which resist bursting in a water-pipe, the 
cylinder of an hydraulic press, or the chase of a cannon. The 
resistance in these depends almost wholly on cohesion of the mate- 
rial ; and it has been shown by  mechanical authors that in a thick 
tube, such as a cast-iron smooth-bore gun, the exterior portions of 
the metal are greatly less strained by any expansive force from 
within than are the interior portions next the cavity ; and as soon 
as the pressure within that, whether liquid or gaseous pressure, 
reaches the rupturing-point, i. e. exceeds the cohesion per unit 
of section of the material at the interior surface, the thick 
hollow cylinder begins to burst by fissures passing outwards from 
the interior surface, extending in planes radial to and passing 
through the axis of the gun or tube. After this point has been 
reached, no increase of thickness can add to its strength or prevent 
the formation of such fissures, because, as is obvious, the circum- 
ferential strains at any distance from the inner surface are every- 
where propartional to the normal pressures transmitted to the same 
distance; and as these pressures are only transmitted to any exterior 
touche by the compression already sustained by those interior to it, 
and as, in accordance with Hook's law, the resistance in all cohesive 
bodies is proportional to the rupturing force acting upon them, so 
the exterior portions of the gun or pipe are exposed to a much 
smaller strain than are those within, and the strain is greatest at 
the interior surface, where, as has been said, the tube firs~ com- 
mences to burst. 

The construction of modern ordnance in ringed structure, or in 
two or more separate tubes, each grasping and therefore compressing 
those within it with a certain amount of initial tension, is based 
upon the conditions just stated. Were the cavity of a volcanic 
crater an exact form of revolution, either a cylinder or a cone, and 
were the materials composing the embankment around it perfectly 
uniform, and the mass and slope such that the resistance was every- 
where proportional to the depth of liquid lava filling it, fissures, if 
formed by the liquid pressure, would be in true radial and vertical 
planes, like those in which burst cannon are found to divide; and 
this would be so whether the cohesive resistance of the material of 
the cone were great or small. Like fissures would take place if the 
material of the cone or circular embankment were absolutely devoid 
of cohesion, as if it consisted of an incoherent mass of sand or earth ; 
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for all such material is more or less compressible, the resistance to 
compression depending upon the size, form, closenes, and mutual 
friction of the particles composing it, whether small or great. A 
circular embankment composed of such compressible but incoherent 
material, when exposed to liquid pressure from within, suffers a 
radial compression or approximation of its particles, which is greatest 
at the interior surface and becomes less and less as we approach the 
exterior. But the radial or normal pressures which produce this 
compression or packing up of the particles, also tend by resolution 
of force, as has been already explained, to separate or draw off the 
particles one from another in the circumferential direction ; and this 
drawing asunder of particles, like the compression radially, will be 
greatest the nearer we are to the interior surface. In  other words 
a circular embankment such as we have imagined that of a perfectly 
regular volcanic cone composed of compressible though perfectly 
incoherent or loose material, must under sufficient liquid pressure 
from within begin to give way by the formation of fissures (unless, 
indeed, the interior material were viscous or plastic for a consider- 
able thickness, the exterior still being compressible, in which case 
the interior circumference of the cone would enlarge by mere change 
of dimensions without any fissures being formed) commencing at the 
interior surface and passing outwards into the mass. in planes 
whose directions would be perfectly radial and vertical if the 
material were perfectly uniform or homogeneous ; and if the thick- 
ness of the embankment be sufficient in relation to the pressure 
and the time of its continuance, the fissures may never reach the 
outer surface. 

The hydrostatic pressure of the liquid orig4nates the fissure into 
which the pressing liquid at the same time enters and fills it as fast 
and as far as it is formed. The fissure is in fact the inceptive of 
bursting; and if the liquid pressure and its continuance be sufficient 
the fissure might be prolonged throughout the entire thickness. As 
in nature, however, the thickness is generally enormous in propor- 
tion to the cavity of the crater, fissures commenced from within are 
seldom found to reach the exterior surface of a volcanic cone, but 
generally stop short within its mass, partly by reason of the cooling 
and solidifying of the molten matter forced into the fissure. 

A fissure thus produced and at the same time filled with molten 
matter will always be widest where nearest the crater ; and were the 
material of the cone which it divides perfectly uniform, the general 
form of the dyke produced would tend towards that of a wedge 
whose outer edge would be bounded by a curve, the nature of which 
would depend upon the vertical extent of the fissure, and the liquid 
pressure at increasing depths, and, in nature, of course upon many 
other conditions. 

The material composing the cone of a volcano, however, is far 
from uniform. Besides the material of various sorts and various 
degrees of coherence, usually small, there are intercalated beds of 
lava of various ages, thicknesses, and qualifies, all Moping more or 
less outwards and at different depths dividing like shelves the mass 
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of little-coherent material lying between them. These lava beds 
probably seldom if ever traverse the entire circumference of the 
crater, but merely such portion of it as represented the width of the 
overflow or lava stream at its brim. Were such plates or shelves 
of intercalated lava free from joints and unbroken, they would, by 
their cohesion, offer great resistance to the opening of any fissure 
through them;but  from the effects of their cooling after outflow, 
and from the immense and unequal pressures to which they have 
been subjected by the superincumbent mass of the cone, they are all, 
we must suppose (as, indeed, observation indicates), greatly broken. 
Still, however, such intercalated plates of lava must greatly increase 
the resistance of that portion of the crater-walls in which they 
occur to becoming fissured in the way described. 

From all these causes, and the concurrence of many other cir- 
enmatances which will readily occur to those familiar with the 
features of volcanic mountains, it will be obvious that fissures com- 
menced at the interior and propagated into the mass of volcanic 
cones can seldom be uniformly distributed round the crater, being 
chiefly formed at the weakest places, and can be but rarely pro- 
dueed in perfectly regular vertical planes having a truly radial 
direction from the crater; and the disparity from such normal form 
o r  direction, which must always exist more or less, will become 
greater with the increased length of the fissure (that is, with the 
distance from the crater), having at every point of its course been 
forced through heterogeneous material and such as may have its 
directions of easiest division in very different directions at different 
points of the path. Thus, for example, the position assigned by 
Lyell in the Val del Bove to the ancient crater of Trifoglietto is in 
a right line more than a mile from the nearest points of the escarp- 
ment in which the orientation of the dykes is observable, and by 
the convergence of which the position of Trifoglietto was fixed. 
Again, assuming, as is commonly done, that the axis of the ancient 
Somma was the same in position as that of the present Vesuvius, 
the distance of that point fTom which the dykes of Somma are 
supposed to have emanated is more than a mile. 

In traversing such a distance through material highly irregalar 
a s  regards hardness, cohesion, and direction of easiest fracture, a n d  
remembering that all these may vary in any one dyke at every few 
fathoms of its depth, we are forced to conclude that, even supposing 
the fissures to have commenced perfectly normally at the respective 
craters of Somma and Ema, they can scarcely but have diverged 
largely in many cases, both in dip and strike, and in different 
degrees at different parts of their height, from the directions in which 
they were first started. 

A fissure, for example, commencing vertically and, let us suppose, 
in a direction due north in the interior of the ancient crater of 
Somma, and being caused by the diversiby as to material through 
which it is opened to diverge gradually, so as to take a curved 
direction towards the east or west, must have its orientation changed 
to an extent proportionate to the distance it has traversed outwards ; 
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so that at a distance of a mile from its crater origin, the orientation 
of the fragments, as well as the dip o f  the dyke now observable in 
the escarpment, may be wide away from those at the point whence 
it is supposed to have star~ed. Further, this change of direction 
may be repeated in opposite directions, producing planes of double 
curvature such as were actually observed by Lyell and Hartung in a 
dyke in ~adeira, and as observed by me in some of the twisted 
dykes of Somma. 

Without disputing the fact that the horizontal coincidence at or 
near a single point of the apparent orientation of a considerable 
number of the fragments of dykes observed only at considerable 
distances, may afford a presumptive probability, greater or less, in 
proportion to the greater number of the coincidences and to the 
generally straight and unshattered character of the fragments of the 
dykes observable, I must yet come to the conclusion from what has 
preceded that the concurrence or intersection at a single point of 
the apparent orientation of dykes is too unsafe a guide to warrant 
our fixing the position of an ancient crater upon such a basis alone, 
and that such a mode of determining crater-position, though it may 
attain to probability, can never amount to certainty. 

In  stating this conclusion I wish not to be misunderstood as 
casting any doubt upon Sir C. Lyell's views expressed in his paper 
to which I have already referred, as to the ancient existence and 
position of a second crater to Etna. The evidence which he has 
adduced as to such a crater at Trifoglietto does not rest alone upon 
the convergence there of the greenstone dykes observed by Von 
Waltershausen and himself, but is also sustained by the synelinal 
position, as adduced by him, of the lava and conglomerate beds 
towards some line between the existing crater of Etna and that 
concluded to have existed at Trifoglietto; and to this evidence as 
supporting the former existence of a second crater there is no objec- 
tion to offer. At the same time I must remark that the position 
of the lowermost beds of any volcano upon the vast scale of Etna 
must have greatly changed in the course of ages by the depression 
beneath the central parts produced by the enormous superincumbent 
weight, which is constantly being added to, of the cone itself, and 
from the erosion constantly proceeding irregularly under the base 
of the mountain. 

If EOna, after having broken through the Tertiary strata, de- 
posited its materials on a nearly level surface, that, as the mass of 
the mountain has been heaped up through long ages, must from the 
causes mentioned have become depressed towards the central parts 
into a shallow saucer-shaped dish; so that the lowermost beds with 
the non-volcanic strata upon them, could we now see them, might 
be found to dip more or less from the circumference of the moun- 
tain downwards towards its axis, the same phenomena here oc- 
curring upon a colossal scale that are well known to happen when 
heavy earthen embankments are formed over even very firm soil, 
which is depressed beneath the weight, and sometimes more or less 
raised at considerable distances from that, but often not sensibly 
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raised at all. These views, however, tend rather to strengthen 
Lyell's inferences from the contrary dip of the Etnean beds observed 
by him. 

Lyell, desirous of doing full justice to the views of M. Elie de 
Beaumont, admits that the intrusion of volcanic dykes may increase 
the slope of volcanic mountains. It appears to me, however, that 
the possible increase of slope thus conceived to be producible has 
been much overestimated, the following conditions being taken 
into account : - -  

1. The united or total thickness of all the dyke~ in the escarp- 
ment of Somma, as examined by me, was a little under 150 feet ; 
and that is the thickness of the intruded matter in the amphitheatre 
of 2 miles round the curve, which, regarded as circular, has a mean 
raditrs from the axis of Vesuvius of about a mile. If  we even 
double this thickness of intrusive matter in order to allow for that 
of  unobserved broken up or obliterated dykes, intermixed with those 
surveyed, and bear in mind that the north slope of Somma at the 
level of the Atrio averages about 25 ~ it can be easily seen that the 
increase of inclination, taking the entire original slope of Somma 
from the summit to the plain at about three miles, would prove 
very insignificant and might be estimated as still less in reference 
to the much larger features ef Etna. 

2. Although intrusive dykes may occur at all altitudes, they pre- 
ponderate in numbers and in thickness about a zone extending 
hypsome~xically to a height very far short of that of the entire 
mountain, few or none probably reaching any considerable depth 
below the base, where the horizontal resistance to the fissuring pres- 
sure is enormous, and but seldom reaching a height greater than 
about two thirds the entire height of the mountain, because the 
filling of the crater with liquid lava high above this level is pro- 
bably not very common. Hence the effect of such intruded dykes 
must rather be to produce gibbosity or some local increase of slope 
about the middle zone of volcanic mountains than any general in- 
crease in the inclination of the sides. 

3. As these dykes are not produced at one timo or radially a!l 
round the circl!mference, but singly or a few at a time, and spora- 
dically distributed where the weakest parts at different times permit, 
so it seems difficult to assume any noticeable increase of general 
slope or of inclination of the internal beds as arising from this 
cause. 

The length of this paper forbids my entering at all upon the 
mechanism by which so many of the parasitic dust cones existing 
upon Etna, of which Monte Rosso may be regarded as a type, 
and found also in the numerous " P u y s "  of Auvergne, have been 
opened at one side and become horseshoe-shaped. This has been 
commonly attributed by authors to their having been burst by the 
hydrostatic pressure of lava, filling more or less completely these 
steep cones of almost completely incoherent material; and the 
streams of lava still observable in some of them at the opened 
side have been appealed to in proof of this, though the greater 
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number of these opened cones show no trace of ever having con- 
tained lava. The true nature of the mechanism by which they have 
been opened may, I believe, be inferred from the preceding pages. 
The opening has been effccted not by bursting but by the under- 
mining of one part of the base of the crater-wall, either by a small 
outburst of lava beneath or, in the case of those opened cones which 
present no trace of lava, by the erosive leakage of rainwater filling 
to some depth the cavity of the crater. Although these hollow dust 
heaps are porous, the bottoms are more or less stanched to rain by a 
sort of natural puddling with very fine material washed down from 
their inner sides, iu the same way as certain portions of the Atrio 
dcl Cavallo have been made watertight and contain ponds of water 
in the winter time. 

~t . J. G. S. No. 128. 2 
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